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摘  要 
掺铥离子(Tm3+)激光器的输出波长在 2 µm 附近，处于人眼的安全波段和大
气窗口，在激光测距、光电对抗、激光雷达、医学诊断和治疗等领域应用前景广
泛。掺铥钒酸钆(Tm3+:GdVO4)具有热导率高、受激吸收截面大、泵浦吸收带宽
和吸收峰值波长更接近 AlGaAs LD 的输出波长等优点，是性能优良的 2 µm 波
段激光晶体。本文主要进行 LD 端面泵浦掺铥钒酸钆激光器的理论设计和实验研
究。主要内容如下： 
 (1) 测量了 Tm3+:GdVO4晶体的室温偏振和非偏振吸收光谱，计算了晶体的
吸收系数和吸收截面，并根据互易定理计算了发射截面。根据吸收光谱数据，利
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Abstract 
Thulium-doped (Tm3+-doped) lasers are widely used in the fields of laser ranging, 
optoelectronic countermeasures, lidar, medical diagnosis and treatment, etc. due to 
their laser emission near 2µm, which is located at the band of atmospheric window 
and eye-safe. As an excellent laser crystal for LD-pumped 2µm band lasers, 
thulium-doped gadolinium vanadate (i.e., Tm3+: GdVO4) has the advantages of high 
thermal conductivity, large stimulated absorption cross section, wide pump absorption 
bandwidth and the peak absorption wavelength which is closer to emission 
wavelength of AlGaAs LD. In this thesis, we research on the LD end-pumped Tm3+: 
GdVO4 lasers in theoretical design and experiment aspect. The main contents of this 
thesis are as follows: 
(1) The polarized and non-polarized absorption spectra of Tm3+: GdVO4 crystal 
at room temperature are measured experimentally. Then the absorption coefficient and 
absorption cross section are calculated from the experimental data and the emission 
cross section is also estimated according to the reciprocity theorem. Furthermore, J-O 
intensity parameters, oscillator strength, fluorescence lifetime and integrated emission 
cross section parameters of Tm3+ in GdVO4 crystal are calculated from the absorption 
spectra, according to Judd-Ofelt theory.  
(2) The explicit analytical expressions of pump absorption efficiency，slope 
efficiency, laser threshold, output laser intensity and power for end-pumped 
quasi-three-level continuous-wave lasers are derived from the rate equations and the 
optical transmission equations in cavity, with considering the depletion effect of the 
ground-state level. Furthermore, the influences of crystal length, output mirror 
reflectivity and other parameters on the laser thres old, the laser output power and 
other performance of laser are discussed according to the obtained analytical 
solutions. It is analyzed and discussed intensively that the influences of pump 
absorption saturation effect on laser performances. The results of theoretical analysis 
and numerical simulations indicate that pump absorption saturation effect will 
decline pump absorption efficiency which results in increase of laser threshold and 














(3) The influence of laser-induced pump absorption saturation effect on the 
thermal lens effect of the laser crystal is discussed firstly. Then, the resonator with 
considering the thermal lens effect is designed based on the ABCD’s transmission 
matrix theory. In addition, the influences of cavity parameters, such as cavity length, 
radius of curvature and transmissivity of cavity mirror, length of thermal lens etc., on 
the stability of cavity and mode matching are analyzed and discussed.  
(4) The Tm3+:GdVO4 laser systems, including the coating of cavity mirrors, the 
cooling devices with TEC etc., are designed and made. Furthermore, the laser 
performances of LD-end-pumped Tm3+:GdVO4 solid-state lasers with flat-flat, 
flat-concave resonant cavity structure are investigated experimentally. 
 
Key Words: Tm3+:GdVO4; Quasi-three-level rate equations; Pump absorption 
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第一章 绪论 




















3H4 跃迁的吸收带位于 790nm 左右，非常适合于
AlGaAs LD泵浦。自从在钇铝石榴石(YAG)中实现铥离子激光输出以来，目前人
们已生长出多种适合 LD 泵浦的掺铥、钬激光晶体，如 YAG、铝酸钇(YAP)、
氟化钇锂(YLiF4)、钒酸钇(YVO4)、钒酸钆(GdVO4)等。而 GdVO4 作为一种较新
的基质晶体，相比其它激光晶体，它的热导率高、受激吸收截面大、泵浦吸收带
























1.2  2µm波段激光器的应用 
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输出的Ho:YAG 激光器也已成功应用于心肌血管重建、骨科及泌尿科领域。 








差分吸收雷达（Differential Absorption Lidar缩写为 DIAL）[10][11]。相干多普勒激
光雷达已成为一种远距离风速和运动目标测量的有力工具，并已成为地面和空中
测量大气湍流的常规工具。2µm处于人眼安全激光波段，它对人眼的损伤阈值是





探测光源。二极管泵浦的 2µm固体激光器的波长是 CO2激光器的 1/5，激光线宽











































至失效。而 2µm Tm，Ho 连续大功率的激光输出是获得光学参量振荡（OPO）
输出 3~5µm 中红外激光的重要泵浦源。因此，获得大功率、光束质量好的 2µm
波段激光的输出是非常重要的[12][13]。以二极管为泵浦源的 2µm 固体激光器，它
具有量子缺损小、转换效率高的特点，可实现高平均功率、高重复频率的输出
[14][15]。随着 LD 泵浦技术的发展，2µm 固体激光器已能够做到小型化、全固化。 
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